The development is critical in recording X-ray topographs since it takes a long time and determines the final quality of the pictures. It is shown that, in most cases, it is possible to decrease both exposure time and development time and still obtain pictures of good quality. Standard conditions of development should be used to achieve higher resolution only. This new standard may be of great use with the modern highpower sources.
Introduction
In order to obtain the best resolution, very fine grain size photographic plates are used in X-ray topography. Thick emulsions of 25 to 100 /~m are necessary to absorb the high-energy photons, thus avoiding statistical fluctuations in the number of developed grains per unit area. To achieve the higher resolution the plates must be developed according to very special processes as described in a technical note by Ilford (1968) for L4 100/~m plates:
(1) Soak the plate in distilled water for 30 min, starting at 293 K and decreasing the temperature to 278 K.
(2) Soak in Brussels amidol developer for 50 min at 278 K.
(3) Warm the plate at 298 K for 50 min. (4) Transfer to a stop bath and leave for 30 min. (5) Rinse, then fix the plate over 2 h and wash in running water for 4 h. The possibility of development at 283 K, is also mentioned.
The Brussels amidol developer is made up of 18 g of sodium sulfite, 0"8 g of potassium bromide, 4-5 g of amidol, 35 g of boric acid diluted in 1 1 of water.
The principle of the above method is to soak the photographic emulsion in the developer at a temperature at which it is virtually inactive. The development itself is processed at 298 K. When using thinner emulsions the times have to be reduced. Lang (1970) suggests a different method. By increasing the time of exposure of the photographic plate to the X-rays and decreasing the temperature of the developer to freezing point, it is possible to obtain an extremely sharp image and a resolution of the order ofa pm. In our laboratory, we use the same method but at a slightly higher tern-0021-8898/79/020201-04501.00 perature. The process is the following for 100 #m L4 plates:
(1) Soak the plate in distilled water for 20 min. The water is kept at about 280 K (in the warmest part of a refrigerator).
(2) Develop for about 30 min in Kodak rhodol and hydroquinone D19b developer at 277 K (which is about the temperature of a bath kept in the cooler part of a refrigerator, near the freezer).
(3) Keep in a stop bath (3?/0 acetic acid) for 20 min. The bath is kept in the warmest part of a refrigerator and warmed up to room temperature. (4) Fix, then rinse in running water over 2 h, avoiding whirlpools which may produce cracks in the emulsion.
The total development time is of the order of 6 h. It ensures a very high quality with a very good resolution, better than 1 /~m. In this paper we will refer to this process as standard conditions.
It must be noticed that, at the temperature of the developer, the rhodol only is active and the hydroquinone is useless in the chemical process. So it may be interesting to warm the bath to increase the efficiency of the developer. The resolution will be decreased but most experimenters would be satisfied by a lower resolution if the development time is drastically reduced. We will show that this is possible and that the quality is still very acceptable.
In the first part of this paper we will briefly study the densitometric response of nuclear plates used in X-ray topography, then we will suggest different methods to shorten the exposure time and the development process: we will show through different examples that the final pictures are very satisfactory.
I. Densitometric response of nuclear emulsions
To understand what the contrast of a topograph means it is necessary to plot the densitometric response of the plate versus the illumination. The illumination E is defined as E = It where I is the energy flow incident on the film during time t. We neglect the departure from the reciprocity law (Schwarzchild, 1899), which means that the same illumination may be achieved for various times t when the intensity I varies if the product It is constant. This approximation has been verified for films exposed to X-rays (Marquet, 1970) . The range of illumination which must be plotted is very large since the ratio of the intensities between the darker and lighter parts of a topograph may be of the order of 103 to 104! Scintillation counters are not able to measure these differences since they record the intensity of a large area, but simulations of X-ray section topographs clearly show large variations in intensity as plotted in Fig. 1 . It is well known that the real variations are much larger, since simulations neglect a part of the direct image of the defects where the intensity is a maximum.
The densitometric response of any film used for topography must therefore be plotted for a wide range of illuminations.
Experimental conditions
We have used a low-power microfocus X-ray tube (150 watt) and a molybdenum target. A block of metal was fixed on the source slit of a Lang camera and its thickness was adjusted to record 30000 counts s-~ on the scintillation counter. The size of the image of the slit recorded on the film was equivalent to that of usual section topographs. The different illuminations were obtained by increasing the times of exposure from 2 s to 167 min which corresponds to a range of 5 x 10 3.
We did not use a monochromatic radiation that could affect the densitometric curve.
For given development conditions, the different illuminations were recorded on the same plate and we always used a fresh developer. The densities of grey Log I "x
were measured with a Joyce-Loeble microdensitometer and we always checked that we did not reach saturation in our measurements.
Results
Figs. 2(a), 2(b) show the densitometric curves for standard conditions. The preliminary soaking of the plate was suppressed in Fig. 2(b) ; it shows that soaking enhances the contrast for the highest densities and decreases the background. The maximum density is of the same order but saturation is reached for lower illuminations. Soaking is of great importance, especially to enhance the contrast. In addition it may prevent the emulsion lifting from the glass. The transparency of the plate may also be enhanced by rinsing in water to which 1~ of Thiolin (May & Baker) has been added before the final rinsing in running water.
These curves clearly show that saturation is reached in the darkest parts of topographs, especially near the direct images of the defects. As has already been proposed (Epelboin & kifchitz, 1974; Epelboin, 1976) , this must be taken into account in any simulation or densitometric measurement. Fig. 2(c) corresponds to a development at 288 K. The exposure and development times had to be reduced as will be explained in the next part of this paper. The maximum density of grey is reached for lower illuminations but apart from that this curve does not differ from the preceding ones. All these curves are in agreement with the experimental law established by Morimoto & Uyeda (1963) ;
D -Db= Dma,,[1-exp (-yE)]
where Db is the density of the background, Dmax corresponds to the saturation and y is the slope of the curve at the origin.
.. 
II. Development of nuclear emulsions
We have experimented with different development processes. Our aim was to obtain good resolution and good contrast in a shorter time than the standard development. We have used Ilford L4 plates, 100 #m thick. Figs. 3(a) and 3(b) are the traverse topographs of the same area of a silicon crystal. Fig. 3(a) corresponds to a standard development; Fig. 3(b) to development for 20 min only in a bath at 288 K. The most important ' point is that the exposure time was decreased from 16 h ' in Fig. 3(a) to 4 h in Fig. 3(b) ; the quality is not the same but it seems to us that it is still very satisfactory and adequate for many experiments. Figs. 4 and 5 are section topographs of the same crystal using silver or molybdenum radiation; Figs. 4(a) and 5(a) are references since they correspond to a standard development. The other topographs correspond to a development at 288 K and we have experimented with different times for exposure and development as described in Table 1 . We give also a qualitative judgement of the pictures. Table 2 summarizes the different development processes that we used. It demonstrates that there is not one single method to record and develop nuclear plates. Both times of exposure and conditions This has been confirmed in other developments performed at 283 K but, as it is more difficult to maintain the developer at this temperature without a thermostat, we did not choose this process. With other emulsions the exposure times must be increased and the development times decreased in proportion to their thickness. We have also tried to use a bath at higher temperatures but the quality becomes very poor and we do not recommend using a developer at temperatures higher than 288 K.
Conclusion
The densitometric response of nuclear plates is not linear in the range of illuminations corresponding to X-ray topography. It appears that saturation phenomena and densitometric measurements are significant only in the pale areas of the images. Changing the temperature of development does not affect the range of densities of grey but the saturation of the plates is obtained for lower illuminations.
This suggests that standard conditions of development may be modified, according to the desired sharpness of the image. The lower the temperature of development, the better is the resolution, but the exposure to X-rays must be lengthened. We have shown that, in a lot of applications, the development may be performed at 288 K decreasing the exposure time by a factor of four. The final conclusion is that there is not one standard but that any experimenter must adapt his development process to the quality required for his pictures, taking into account the X-ray exposure time and the development as a photographer plays with various parameters such as the diaphragm, the speed of his camera and the sensitivity of the film to record an image. 
